Abstract. In typical WSNs, sensor nodes have limited resources such as battery power, computing capability and memory. Careful selection of aggregator nodes in data aggregation process results in reducing overwhelming amounts of traffic in the network and prolonging overall lifetime of the network. A top-k query returns k results efficiently, which is studied in database area. A convex hull is the representative method of top-k query, which chooses k best sensor nodes efficiently. In this paper, we present approximate convex hull method for selecting of aggregator nodes in wireless sensor networks.
Introduction
A wireless sensor networks (WSNs) is a self-organized wireless network composed of a large number of sensor nodes that interact with physical world [6] . In general, WSNs consist of a group of sensor nodes and a monitoring base station. Sensor nodes sense the data from the target region, communicate and exchange sensor data with other sensor nodes and base station. On the other hand, the base station serves as a gateway for the sensor network to exchange data with external applications. It collects the sensor data from the network and converts them into a form requested by the applications.
In typical WSNs, sensor nodes have limited resources such as battery power, computing capability and memory. Careful selection of aggregator nodes in data aggregation process results in reducing overwhelming amounts of traffic in the network and prolonging overall lifetime of the network. Top-k query approach can be used in order to solve this problem. The objective of a top-k query is to find k highest ranked answer to a user defined similarity function [10] .
In this paper, we introduce a top-k query processing algorithm for WSNs based on approximate convex hull. Approximate convex hull algorithm has advantages when maintaining the sensor data in the WSN. For example, the base station retrieves k sensor nodes in the WSNs, however, it has a limited energy to send data to the base station. Our approach selects a set of leading aggregator nodes according to their attributes, such as distance from the base station, power consumption, battery life and communication cost, and send the data only through those leading aggregator nodes.
In this section, we discuss the related work to process top-k queries in WSN. There has been a lot of work related to top-k query processing in the database community [10] . A convex hull is the representative method of top-k query processing, which is the boundary of the smallest convex region of a set of points in space and the vertices are the subset of points on the boundary [3] . Intuitively, the convex hull is obtained by covering the point set. In three or higher dimensional data spaces, the convex hull is similarly defined as the minimum convex polyhedron (polytope) of the point set [2] . We explain the research work related to convex hull in Section 2.1 and top-k query processing in WSN in Section 2.2.
Convex Hull
The representative methods using the convex hull are Onion [3] and HL-index [5] . Onion constructs an index by making layers with the vertices of the convex hull over the objects in the multi-dimensional space. That is, it creates the first layer with the convex hull vertices over the all objects, and then, creates the second layer with the convex hull vertices over the remaining objects, and so on. Finally, the set of layers become the layer list. Chang et al. [3] has shown that Onion answers top-k queries by reading at most k layers starting from the outmost layer. Onion is capable of answering a query with an arbitrary (monotone or nonmonotone) linear function because of the geometrical properties of the convex hull [4] . On the other hand, when Onion computes the convex hull, it takes a long time for computing the convex hull. Because Onion should calculate whether the new object is included in the convex hull or not, when the new object is added. And it uses a lot of memories to maintain the information needed in computing process [1] .
HL-index (Hybrid-Layer Index) constructs a layer list with the convex hull as Onion dose, and then, constructs sorted lists in the ascending or descending order based on the each attribute value of the objects in each layer. However, since HLindex constructs a layer lists as Onion dose, the problems of the high computing time and the high memory usage still exist.
Top-k Query Processing in WSN
In this section, we introduce a top-k query processing methods in WSN. VD-GREEDY (Voronoi Diagram-Geographic Distance) determines the neighbors using convex hull to choice best neighbors to message efficiently based geo-casting and routing in WSNs [8] . The representative method for in-network data aggregation in WSN is TAG (Tiny Aggregation Service) [7] . TAG builds a routing tree in top-down manner for sending data to the top sensor nodes. FILA [9] , which improves TAG, builds a routing tree as the same manner of TAG. However, FILA filters out the collected data in the top sensor nodes to reduce the updating cost.
Conclusion
In this paper, we introduced a top-k query processing algorithm for WSN based on approximate convex hull. We investigated related work related to convex hull and top-k query processing in WSN. Based on discussed related work, in future work, we are planning to describe an approach for selecting leading aggregator nodes according to their attributes, such as distance from the base station, power consumption, battery life and communication cost and send the data only through those leading aggregator nodes.
